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1. INTRODUCTION

This Work Plan is written to specify the design, implementation, and operation of a pilot-scale
treatability study of Steam Enhanced Extraction (SEE) at Site 13, Abandoned Oil Refinery, at NAS
Alameda. A draft work plan for the treatability study was prepared and submitted to the Navy for
review on June 30, 1995. The draft work plan was reviewed by the Navy, CLEAN and Remedial
Action Contractors (RAC) (PRC Environmental Management, Inc. and IT Corporation),
Department of Toxic Substances Control (DTSC), and the Remedial Advisory Board (RAB). The
responses to comments received on the draft work plan from those groups are included in
Appendix A. This final Work Plan includes changes that address the comments received, and
provides more detailed site and process descriptions.

Based on previous investigations at Site 13, oily material is found in high concentrations below the
four-to seven-foot-deep water table. The assessment of feasible in situ technologies to remediate
soil and groundwater is recommended prior to a regulatory Record of Decision. In situ restoration
options for remediation include biosparging, where air would be injected into the oil bearing zones
to stimulate biodegradation, and both bioventing and soil-vapor extraction during dewatering.
However, these technologies conducted at ambient temperatures cannot be expected to recover the
viscous hydrocarbon phase to a significant extent, and would be inherently slow due to low
volatilities, aqueous-phase diffusivities, solubilities, and vapor pressures of the contaminants.

Because the oily material may become more volatile, less dense, and flow more readily when
heated, applicable temperature-enhanced in situ technologies are of interest to accelerate the
remedial processes. The mechanisms exploited by thermal processes are the reduction of the oil
viscosity and oil-water interfacial tension to increase the mobility of the oil, an increase in the
difference between the water and oil densities which will enhance upward mobilization of the
heated hydrocarbons to the top of the water table, and an increase in the hydrocarbon mixture
vapor pressure to enhance distillation of the hydrocarbons from the solid phase to the vapor phase
which can be removed through vapor extraction. Thus, thermal processes are expected to be the
more rapid of the viable in situ options. An effective process would include significant removal of
free phase hydrocarbons produced by the application of steam and removal of the more volatile
components of the immobile hydrocarbon mixture through steam distillation. Removal of these
components would minimize the potential risks associated with exposure to the residual oily
materials.

Applicable thermal heating processes include steam injection, radio-frequency heating, and
electrical heating. Steam injection is the least expensive thermal process in terms of energy costs
and has the potential advantage of effective displacement of mobile liquid phases. Given the
readily available clean steam source from facility steam plants, SEE appears to be particularly
attractive for pilot-scale testing at Site 13. There are no structures on the site that would interfere
with application of SEE, and there are no immediate planned uses of Site 13. The energy cost for
implementation of SEE at Site 13 are expected to be in the range of $20/yd® to $100/yd® of soil.

The SEE treatability study described in this Work Plan consists of laboratory and field tests. Two
laboratory treatability tests for the removal of hydrocarbons have been completed and results are
included in Appendices B and C. The results of the tests indicate that SEE is capable of removing
some of the more mobile hydrocarbons at Site 13 through steam distillation. Based on the results
of these tests, however, SEE appears unlikely to remove an appreciable mass of the total
hydrocarbons that are of the high molecular weight fraction. This is consistent with experience at
other sites where SEE has been demonstrated to remove the more volatile hydrocarbons in the field
(BERC, 1995; USEPA, 1995).
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The second laboratory test for leachable hydrocarbons, described in Appendix C of this Work
Plan, specifically evaluated the potential for SEE to remove the more mobile components of the
waste oil via steam distillation. The leachability of the hydrocarbons remaining in the soil after the
application of steam was also evaluated through this test. The volatile components including
benzene, toluene, ethylbenzene, xylenes, and total petroleum hydrocarbons as gasoline were
removed by steaming of the soil during the laboratory test.

The laboratory treatability tests realistically simulate a single removal mechanism: steam distillation.
However, steam distillation is only one of several mechanisms by which SEE can remove hydro-
carbons from the subsurface. Other mechanisms include mobilization of free phase hydrocarbons
as a bulk liquid with increased temperatures and pressure gradients in the subsurface. Field testing
is necessary to evaluate these multiple removal mechanisms.

The first field test planned is a three-well treatability test run for a period of 30 days. The second
field test planned is a 15-well pilot-scale demonstration run for an additional 180 days. The 15-
well pilot-scale test will follow the general procedures described in this Work Plan. However, data
obtained from the three-well treatability test will be used to improve the design. A detailed
description of the 15-well pilot-scale test will be presented in a work plan prepared after data
analysis and interpretation of information gained during the three-well treatability test. If changes
to the activities described in this Work Plan are required, they will be documented in work plan
addenda using the procedures described in Section 11 of the Contractor’s Quality Control Plan
(CQCP, Appendix D).

The three-well treatability test will determine if Site 13 soils are appropriate to propagate a
sufficient steam zone and evaluate the upward mobilization of free phase hydrocarbons to the top
of the water table by the application of steam at Site 13. Removal of hydrocarbons by steam
distillation under field conditions will also be tested. The results will be used to decide if it is
appropriate to proceed to the 15-well pilot-scale test, and if so, to develop designs and operation
guidelines for the 15-well pilot-scale test. A prototype single injection and extraction well and
actively cooled surface containment system will also be tested during the three-well treatability
study. The goal of the 15-well pilot-scale test is to evaluate the applicability of SEE for cleanup of
all of Site 13.

While initial laboratory testing indicates that SEE is not capable of removing all of the
hydrocarbons from the subsurface at Site 13, the tests indicate that the more mobile hydrocarbons
are removed by the application of steam. Removal of these hydrocarbons may result in a
significant reduction in risk. Groundwater quality may also be protected if implementation of SEE
leaves only the relatively insoluble and immobile hydrocarbons in the subsurface. The three-well
treatability test will also provide data to characterize this potential reduction in risk.

If the results of the pilot-scale treatability study demonstrate that SEE can significantly reduce the
risk to groundwater posed by the subsurface hydrocarbons, the results would then be used in an
Engineering Evaluation and Cost Analysis (EE/CA) or Feasibility Study (FS) to select a remedial
technology for all of Site 13. If SEE were selected as the remedial technology for the entire site,
the results of the treatability study would also be used to develop designs and operating guidelines
for the full-scale implementation of SEE.

1.1 OBJECTIVES

The overall objective of this treatability study is to ascertain the viability of the SEE process as a
cost-effective in situ remedial method for restoration of soils and groundwater containing
hydrocarbons at Site 13. As described in this Work Plan, the treatability study is composed of the
following components and objectives.
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 Laboratory treatability testing to determine the rates and extent of hydrocarbon removal
by SEE as well as the leachability of hydrocarbons remaining in the soil after the
application of steam. This portion of the pilot-scale treatability study has been
completed.

* A three-well treatability test to quantify the in situ hydraulic parameters of the waste
bearing zone, assess the performance of the prototype injection/extraction well design,
assess the performance of the actively cooled surface containment system, determine if
Site 13 soils are suitable to propagate a sufficient steam zone, measure the ability of SEE
to mobilize free phase hydrocarbons from the waste bearing zone to the top of the water
table, determine the rate and extent of hydrocarbon removal under field conditions,
develop robust operational designs and procedures for the above ground treatment
equipment, and refine the sizing requirements for treatment equipment to be used for the
15-well pilot-scale test; and

* A 15-well pilot-scale test to provide a comprehensive assessment of the overall technical
feasibility of the SEE process to restore Site 13 and identify design improvements
needed for full-scale implementation.

The above tests will be implemented sequentially to achieve the overall objective.

1.2 BACKGROUND OF SEE PROCESS

SEE was developed for environmental restoration applications in the late 1980s by engineering
scientists from the University of California at Berkeley (UCB) (Hunt, Sitar and Udell, 1988;
Udell, and Stewart, 1989; and Udell, et al, 1991). While steam injection for enhanced oil recovery
has been practiced for decades by the oil industry (Mandl and Volek, 1969; Volek and Pryor,
1972; Konopnicki et al , 1979), additional thermodynamic features of the process were identified
and exploited in the UCB work to make the process amenable to the restoration of sites
contaminated with volatile and semi-volatile liquid contaminants found above and below the water
table, as well as non-volatile compounds in the aqueous phase (Udell, et al, 1991; Udell and
Stewart, 1992; and Udell, Sitar, and Stewart,1995).

The SEE process removes hydrocarbons from the soil by injecting steam to volatilize hydrocarbons
present in the subsurface and displace mobile liquids ahead of the advancing steam zone. Before
steam break-through at the extraction wells, displaced liquids are pumped from the extraction
wells. Once the steam zone reaches the extraction wells, hot vapors which contain the volatilized
hydrocarbons are captured, condensed, and treated to remove liquid hydrocarbons for recycling
and to process vapors and water before discharge.

Three field demonstrations of SEE have been completed. The first such demonstration was
conducted in 1988 at a solvent recycling facility in San Jose, California (Udell, and Stewart,
1989). The second demonstration was conducted on a full-scale at The Lawrence Livermore
National Laboratory (LLNL) in 1993 (Newmark ed., 1994; Udell, 1995; EPA, 1995). Nearly
8,000 gallons of gasoline were removed from the subsurface, including significant volumes from
deep zones 25 feet below the water table. The remediation was conducted over a period of 6
months. This site is not expected to require further remedial work. The third demonstration was a
pilot test at NAS Lemoore in 1994 (Udell and Itamura, 1995). Over 78,300 gallons of less volatile
JP-5 was removed from the subsurface over a period of 3 months. JP-5 soil concentrations
dropped from values over 50,000 milligrams per kilogram (mg/kg) to below 10 mg/kg at the
location of the water table. Other steam injection projects have been completed or are in progress.
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Steam has been applied to the removal of diesel at the Rainbow Disposal transfer yard in
Huntington Beach, California (EPA, 1995) with lesser success due to inadequate injection rate and
subsurface temperature monitoring.

1.3 REMEDIAL ACTION DECISION PROCESS

The results of the treatability study described in this work plan will be used to evaluate the
feasibility of using steam enhanced extraction to remediate hydrocarbon containing soils at Site 13.
The technical feasibility of steam enhanced extraction depends on many factors. These factors
include the nature of the hydrocarbon residual at the site, the permeability of the subsurface, and
the site closure requirements.

As the treatability study progresses, more information will become available on the factors that
influence the feasibility of steam enhanced extraction. Therefore several decision points have been
built into the study to allow the feasibility of steam enhanced extraction to be assessed as the study
progresses. These decision points are indicated in Figure 1-1.

The initial characterization of Site 13, described in Section 4 of this Work Plan, indicated that the
hydrocarbons present at Site 13 are less volatile than any yet subjected to treatability studies for
steam enhanced extraction. Therefore BERC included in the June 30, 1995 draft work plan an
initial laboratory treatability study for total hydrocarbons to estimate that fraction of the mass of
hydrocarbons subject to removal by steam volatilization. The results of that treatability test,
described in Appendix B, indicated that the application of steam did not remove the bulk of the
mass of the total hydrocarbons from the soil tested, but that the more volatile hydrocarbons were
removed by steam distillation. The volatile fraction normally includes benzene, a known
carcinogen, and other hydrocarbons linked to health risks (toluene, ethylbenzene, and xylenes).

After reviewing the results of the laboratory treatability test for total hydrocarbons, the BCT
(BRAC Cleanup Team) agreed that a second laboratory treatability test would be conducted to
quantify the potential of steam enhanced extraction to remove the volatile hydrocarbon fractions;
this second test is referred to as the laboratory treatability test for leachable hydrocarbons. The
results of this second laboratory test, summarized in Appendix C, demonstrated that steam
enhanced extraction could remove nearly all traces of the volatile compounds of most interest,
benzene, toluene, ethylbenzene, and three closely related xylenes. The BCT will consider the
results of the laboratory treatability test for leachable hydrocarbons, this Work Plan, possible site
closure requirements, and the applicability of SEE to a previous JP5 spill in the northern portion of
Site 13 before the Navy authorizes BERC to proceed with implementation of the three-well
treatability test described in this Work Plan. :

The three-well treatability test would evaluate the potential of steam enhanced extraction to remove
volatile and free phase hydrocarbons from the soil at Site 13. The Navy, in consultation with the
BCT, would review the results of the three-well test before authorizing implementation of the 15-
well pilot-scale test. The 15-well pilot-scale test is intended to demonstrate that steam enhanced
extraction could satisfy site closure requirements

1.4 PARTNERSHIP AGREEMENT

On August 24, 1994, the U.S. Navy and UCB entered into a partnership that provides the
framework for exploring the application of innovative environmental restoration technologies
developed by UCB, LLNL and the Lawrence Berkeley National Laboratory (LBNL), to
Installation Restoration (IR) sites located within NAS Alameda boundaries. As part of the
partnership agreement, UCB established the Berkeley Environmental Restoration Center (BERC)
as a coordination office to administer the contract for UCB. This partnership is governed by
Contract No. N62474-94-D-7430,
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Delivery Order Number 003 (DO3) funds the demonstration of the SEE technology at Site 13 for
the removal of contaminants from the soils and groundwater. UCB shall perform the following
tasks in order to accomplish this objective:

1) Prepare a work plan including a site specific health and safety plan and a contractor
Quality Assurance/Quality Control Plan to install treatability test wells.

2) Install treatability test wells to determine if the characteristics of the site and
hydrocarbons favor further application of the SEE technology in a pilot-scale
process by conducting hydraulic characterization of the pilot area and a steam
injectivity test. Prepare a letter report summarizing the treatability test results.

3) Prepare a pilot-scale treatability design and work plan after data analysis and
interpretation of information gained from the installation and operation of the
treatability test wells.

4) Implement the pilot-scale SEE system in accordance with the approved work plan.

5) Operate the pilot-scale SEE system for 60 calendar days or until recovery rates
decrease to low values indicating complete cleanup.

6) Prepare a pilot-scale treatability report for the SEE technology.

This Work Plan is written in response to the requirements of task one and describes tasks two
through six.

1.5 RELATED DOCUMENTS

BERC has developed program-level documents to describe procedures to be followed on projects
implemented under the partnership agreement. These include the:

Health and Safety Plan, Volumes I and II;

Contractor Quality Control Program Plan;

Standard Operating Procedures; and

Standard Quality Procedures.

Work at Site 13 will be conducted in accordance with the general procedures described in these
program level documents and as more specifically described in this Work Plan. The program-level
documents will be updated as required. The most recent version of each document is maintained in
the BERC office and will be maintained at Site 13 during field operations.

1.6 ORGANIZATION OF WORK PLAN

The organization of this Work Plan is as follows:
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e Section 1 of this work plan presents an overview of the pilot-scale treatability study to be
performed at Site 13, as well as the contracting mechanisms that authorize the work and related
documents that need to be referred to during implementation of the study.

e Section 2 includes a brief background of NAS Alameda and Site 13 with a discussion of
previous investigations.

e Section 3 includes a description of the site hydrogeology.

e Section 4 includes a discussion of soil and groundwater quality.
e Section 5 discusses probable exposure pathways.

e Section 6 identifies data needs for the treatability study.

e Section 7 presents a conceptual design of the three-well treatability test including the steam
injection and monitoring system as well as the treatment equipment that will be used for the
liquid and vapor effluent streams from the system. An operational plan, describing how the
three-well treatability test will be implemented and monitored is also provided in this section
with a description of the criteria that will be used to assess the performance of SEE at removing
hydrocarbons from the soil at Site 13 and to make a decision regarding proceeding to the 15-
well pilot-scale test.

e Section 8 presents the implementation plan, including an implementation schedule.

Section 9 describes the reporting that will be required for the treatability study.

UCB’s response to comments received on the previous draft version of this Work Plan are
included in Appendix A. Detailed results of the laboratory treatability test for total hydrocarbons
are included in Appendix B and detailed results of the laboratory treatability test for leachable
hydrocarbons are included in Appendix C. Appendix D includes the CQCP; Appendix E contains
the sampling and analysis plan for the laboratory treatability tests. Appendix F presents the
sampling and analysis plan for the three-well treatability test. Appendix G contains the results of a
simulation performed to predict the performance of the steam injection/extraction system. The Site
Health and Safety Plan (SHSP) is included in Appendix H and the Environmental Protection Plan
is included in Appendix I; supplemental information is included in Appendix J. This information
includes a technical article regarding SEE titled An Analysis from Heterogeneous Media Using
Cyclic Steam Injection and prepared by Michael T. Itamura and Kent S. Udell of UCB.

2. BACKGROUND

2.1 NAS ALAMEDA DESCRIPTION

NAS Alameda is located on the western end of Alameda Island. The base, rectangular in shape, is
approximately 2 miles long and 1 mile wide, and occupies 2,634 acres. Approximately 1,526
acres of NAS Alameda are land and 1,108 acres are bay.

Much of the land now occupied by NAS Alameda was once covered by the waters of San
Francisco Bay or was tidal flats. Much of the base was gradually filled using hydraulically placed
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dredge spoils from the surrounding San Francisco Bay, the Seaplane Lagoon at NAS Alameda,
and the Oakland Channel. '

The Army acquired the NAS Alameda site from the city of Alameda in 1930 and began
construction activities in 1931. The Navy acquired title to the land from the Army in 1936 and
began building the air station in response to the military buildup in Europe prior to World War II.
After the 1941 entry of the United States into the war, more land was acquired adjacent to the air
station. Following the end of the war, NAS Alameda returned to its original primary mission of
providing facilities and support for fleet aviation activities.

2.2 SITE 13 DESCRIPTION

Site 13 consists of approximately 30 acres located in the southeast corner of NAS Alameda (Figure
2-1). This site is the former location of the Pacific Coast Oil Works refinery, which operated
between 1879 and 1903. Refinery wastes and asphaltene residues were dumped at the site during
the 24-year history of the refinery. The refinery consisted of pump and lubricating houses, stills,
two laboratories and agitators, as well as approximately 19 above-ground iron oil storage tanks,
six underground iron storage tanks, and a storage area containing drums of oil.

The section of Site 13 that is bordered by Avenues K and L and 9" and 11" Streets (Figure 2-2) is
the location where the treatability study will be implemented, because this is the area where the
highest concentrations of refinery wastes have been identified. The sections of the Pacific Coast
Refinery that were located on that section of Site 13 include an oil storage area, a lubricating
building, bleaching tanks, and several large iron oil tanks (PRC and MW, 1993b).

The location of the Pacific Coast Refinery was originally bound on the north by what is now K
Avenue, on the east by Central Avenue, and to the south and west by the historical bay boundary.
The historical bay boundary is shown on Figure 2-3 (PRC and MW 1993b). At the time of the
refinery operation, the edge of the bay extended from the intersection of 9" Street and Avenue K,
south along 9" Street 250 feet, and to the southeast where it crossed Avenue L approximately 300
feet east of 9" Street. The south west part of Site 13 was originally bay that was filled between
1942 and 1946.

The area once occupied by the refinery was later surfaced by the U.S. Navy. Sometime in the
1940s, a surface rupture occurred as a result of vapor pressure buildup from underground
hydrocarbons and refinery wastes. To remove contaminated soil and reduce the risk of future
rupture, the U.S. Navy excavated an area of approximately 30 by 30 feet (depth not recorded), and
a concrete slab was placed in the bottom of the excavation which was then backfilled and
resurfaced (PRC and MW, 1995a). The location of the removal was not available in the
information reviewed.

Several naval facilities now exist on the site of the former oil refinery (Figure 2-2). A former on-
base annex service station, Building 547 (Site 7C), is located in the northeast corner of the former
oil refinery area. In the northwest corner is a hazardous waste storage yard (Site 19), which is
currently in operation. A missile rework facility is housed in Building 530 (Site 10B), which is
located in the southern portion of the former oil refinery area. The CANS C-2 Area (Site 16), a
storage area for large shipping containers containing paints, solvents, acids, bases, and
transformers containing polychlorinated biphenyls (PCBs) is located immediately to the south of
Site 13.

During a previous removal action, approximately 104 cubic yards of soil exhibiting a low pH and
containing high lead concentrations was removed from the area around Boring B-7 (Figure 2-3).
Approximately another 50 cubic yards was expected to be removed after September 1994 however,
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the removal report was not available for review. Subsequent reports indicate that the removal
action took place. For this removal action, soil containing lead at concentrations greater than 100
mg/kg were removed from the southern portion of Site 13 (PRC and MW, 1993a). The excavation
area is shown on Figure 2-7.

In February 1991, a JP-5 release occurred on the east side of Building 397 (Figure 2-2), a jet
engine test cell. Following a period of heavy rains, several storm drain manholes overflowed,
resulting in an accumulation of free product; twelve manholes in the area were found to contain
floating product. The storm drain lines south of Building 397 were reportedly extensively
damaged during the 1989 Loma Prieta earthquake and groundwater in the area may have been
impacted by JP-5 leaking from the damaged storm sewer lines (PRC and MW, 1993b).

2.3 PREVIOUS INVESTIGATIONS

Five site investigations were conducted at Site 13 in 1989, 1990, 1991, and 1994. Soil borings
and groundwater monitoring wells were installed throughout all of Site 13 as part of these
investigations. The location of each boring and groundwater monitoring well installed within or
adjacent to the block bound by Avenues K and L and 9" and 11" Streets is shown on Figure 2-3
along with the location of the four borings drilled by UCB for collection of soil samples for the
laboratory treatability tests. In addition, the location of two monitoring wells observed in the field
are shown; a reference documenting the installation of these wells has not been identified. The
previous investigations are described as follows.

In 1989, Harding Lawson drilled and took soil samples from three borings (B-1 to B-3) to
investigate the nature of petroleum hydrocarbons that were detected during the planned
construction of the Intermediate Maintenance Facility. Upon detection of total petroleum
hydrocarbons as JP-5 (TPHjp5) concentrations as high as 8600 mg/kg in some soil samples, an
additional 15 soil borings (B-4 to B-18) were drilled. Soil Boring B-14 was converted to
Monitoring Well MW-1 (HLA, 1989).

In 1990, Canonie performed an investigation at Site-13 to determine if chemicals from the former
refinery were leaching into the groundwater. Three groundwater monitoring wells (MWOR-1
through MWOR-3) and seven soil borings (Bor-8, Bor-9, Bor-10, Bor-11, Bor-13, Bor-14, and
Bor-19) were installed (Canonie, 1990).

In 1991 and 1992, PRC Environmental Management and J.M. Montgomery Consulting Engineers
investigated the area surrounding Boring B-7 (installed in 1989 by Harding Lawson) to evaluate
the extent of the low pH and elevated concentrations of lead identified in soil samples from this
boring. Two groundwater monitoring wells (M-IMF-01 and M-IMF-02) and eleven soil borings
(B-IMF-01 to B-IMF-11) were all drilled within 50 feet of Boring B-7 (PRC and JMCC, 1992;
PRC and MW, 1993a).

In March and April 1994, PRC conducted a Site Characterization and Analysis Penetrometer
System (SCAPS) project to evaluate the extent of refinery wastes at Site 13. The SCAPS project
included the advancement of 26 SCAPS push holes (ALA13P01 through ALA13P23, ALA13P25,
ALA13P26, and ALA13P37) and seven hollow-stem auger borings (ALA13PB38 through
ALA13PB43 and ALLA13PB45) (PRC, 1994).

In 1994, PRC conducted additional investigation to further characterize the extent of soil and
groundwater contamination. As part of this investigation, Monitoring Wells M13-06 and M13-07
were installed and three GeoProbe investigations (13GB004 through 13GB006) were carried out
just to the east of 9" Street (PRC and MW, 1995a).
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3. SITE HYDROGEOLOGY

The geologic units encountered at Site 13 consist of artificial fill, Bay Mud, and the Merritt Sand.
The artificial fill and Merritt Sand comprise the first and second water bearing zones of the shallow
aquifer at NAS Alameda (PRC and MW, 1995b). Where present, the Bay Mud separates the two
water bearing zones. However the Bay Mud is not continuous beneath Site 13.

Site 13 is immediately underlain by artificial fill to depths of 5 to 12 feet bgs; this unit generally
consists of sand and silty sand. Where present, Bay Mud consisting of dark gray silty clay is
typically encountered at 9 to 12 feet bgs. The Merritt Sand underlies the Bay Mud and directly
underlies the artificial fill where the Bay Mud is absent. The depth to the top of the Merritt Sand
ranges from five to 12 feet bgs. The cross section provided in Figure 3-1, constructed from
borings installed as part of the SCAPS project, illustrates the relationship of these geologic units
immediately to the south of the planned treatment area for the SEE Pilot-Scale Treatability Study.

The depth to groundwater at Site 13 ranges from 4 to 7.5 feet bgs (PRC and MW, 1995b). Local
groundwater directions and gradients vary. However, groundwater at Site 13 generally flows to
the southwest with an average hydraulic gradient of 0.001 to 0.003 feet per foot. Hydraulic
conductivities measured on soil samples from Site 7C, located adjacent to Site 13, were 3.0E-07
centimeter per second (cm/sec) for a sample of Merritt Sand from a depth of 10.5 feet and 1.0E-03
cm/sec for a sample of hydraulic fill from a depth of 2 feet. The hydraulic conductivity for the
Merritt Sand is questionable because the value reported is typical of the hydraulic conductivity for a
clay which would typically have a lower hydraulic conductivity than a sandy material.

4. SOIL AND GROUNDWATER QUALITY

4.1 SOIL QUALITY

This section presents a summary of the soil quality at Site 13 based on the previous investigations
discussed in Section 2.3. The locations of all boring and monitoring wells referenced are shown
on Figure 2-3.

During the 1989 investigation, soil and water samples were analyzed for total petroleum
hydrocarbons (TPH); semivolatile organic compounds (SVOCs); oil and grease, benzene, toluene,
ethylbenze, and xylenes (BTEX); and pH. Petroleum hydrocarbons were identified in soil samples
from 15 of the 18 borings. Borings B-9 and B-10, located on the far west side of Site 13, did not
contain detectable hydrocarbons. The other boring where hydrocarbons were not found was
Boring B-2 located approximately 80 feet south west of Building 397. In the soil sample from 4.5
to 5 feet bgs in Boring B-7 lead was identified at 13,000 mg/kg, total petroleum hydrocarbons as
gasoline (TPHg) was identified at 16,000 mg/kg, total petroleum hydrocarbons as diesel (TPHd)
was identified at 76,000 mg/kg, and oil and grease was identified at 120,000 mg/kg; this soil
sample also had a pH of 1.6. None of the other soil samples taken from the other borings had a
pH that was less than 5.5. The next highest lead level found in the soil samples was 140 mg/kg
for a soil sample taken at Boring B-8 (HLA, 1989).

During the 1991 and 1992 investigation to evaluate the extent of lead and low pH soil identified in
the soil sample from Boring B-7, soil samples from 11 soil borings and Monitoring Well

M-IMF-02 were analyzed for pH and lead. Of the 20 soil samples from within ten feet of B-7
(from B-IMF-09 through B-IMF-11 and M-IMF-02), seven had a pH of less than 5.5 and only
thirteen had a pH of greater than 5.5. Of the 47 soil samples taken between 10 and 50 feet from B-
7, none had a pH of less than 4 and 38 had a pH higher than 7. Six of the 35 soil samples
analyzed had lead concentrations greater than 100 mg/kg. The highest lead level detected was 1980
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mg/kg for a soil sample taken at 3 feet at Boring B-IMF-10. Soil samples were also taken using a
hand auger to determine if the pH readings seen at Boring B-7 in the 1989 Harding Lawson
investigation were accurate. A soil pH of 0.7 was found in soil samples taken 4 feet bgs next to
the location of Boring B-7. During this investigation, two soil samples, one from eight feet in
Boring B-IMF-01 and another from four feet in Boring B-IMF-06, were analyzed for
base/neutral/acid semivolatile organic compounds and none were identified (PRC and JMMC,
1992).

In 1994 a removal action was conducted to excavate soils with lead levels greater than 100 mg/kg.
~ During the removal action, field screening for lead concentrations and the pH of soil samples were
used to determine the extent of the excavation (PRC and MW, 1993a). The limits of excavation
were not available from the literature reviewed.

During the 1990 Canonie investigation, soil samples were analyzed for total recoverable petroleum
hydrocarbons (TRPH), volatile organic compounds (VOCs), SVOCs, metals, pesticides, and pH.
With the exception of soil samples from Borings Bor-9 and Bor-19, the TRPH concentrations
identified were all less than 100 mg/kg. Boring Bor-9 is located 60 feet southwest of Monitoring
Well MW-1. Soil Boring B-19 is located at the intersection of Avenue L and 11th Street at the
southeast corner of Site 13. TRPH was identified at 4,360 mg/kg in the soil sample from 6.5 feet
in Boring Bor-9 and at 3,600 mg/kg in the soil sample from 11 feet in Boring Bor-19. VOCs
identified in the soil at concentrations greater than 1 mg/kg were methylene chloride, benzene,
ethylbenzene, toluene, and xylenes. SVOCs detected at concentrations greater than 10 mg/kg
included Di-n-butylnapthalate and 2-methylnapthalene. Pesticides were detected in concentrations
less than 0.035 mg/kg and were identified in soil samples from Borings Bor-8 and Bor-9. The pH
was greater that 5.5 in all of the 14 soil samples analyzed for pH (Canonie, 1990).

During the 1994 PRC investigation, three soil samples from Monitoring Well M13-06 were
analyzed. VOCs and TPH were not identified in soil samples from this boring (PRC and MW,
1995a).

During the 1994 SCAPS project, petroleum hydrocarbon concentrations in the soil were measured
using an in situ fluorometer. The results of these measurements were validated by traditional
laboratory analysis of a total of 45 soil samples from locations ALA13-PB38 through
ALA13-PB43 and ALA13-PB45 for TRPH, TPHd, TPHg, TPHjp5, and total petroleum
hydrocarbons as motor oil (TPHmo) and pH. The pH of the soil samples ranged from 1.1 to 9.3.
The locations of soil samples with a pH lower than 5.5 are indicated in Figure 2-9. The soil
sample from 7 to 7.5 feet bgs in Boring ALLA13-PB41 had a pH of 1.1. The highest
concentrations of TPHd and lead were also identified in this soil sample. The concentrations were
170,000 mg/kg and 413 mg/kg, respectively.

In the zero-to five-foot depth, soil pH values that were less than 5.5 were identified only in soil
samples from Boring B-IMF-06 to the north of Boring B-7. In the 5 to 10 foot depth, low pH soil
was only identified in soil samples from the vicinity of Boring B-7 and at SCAPS Boring
ALA13-PB41 (Figure 4-1). The soil around Boring B-7 has been removed.

Hydrocarbons in the form of TPH, TRPH, or oil and grease are mostly concentrated in the central
and eastern sections of the site. Figure 4-2 illustrates the distribution of hydrocarbons in soil
samples from the zero-to five-foot depth. Hydrocarbon concentrations greater than 10,000 mg/kg
were identified in soil samples from within five feet of the ground surface at Monitoring Well MW-
1 (Boring B-14), near the southeastern corner of Building 39, and in the vicinity of Boring B-7.
Figure 4-3 shows the distribution of hydrocarbons in soil samples from the five to ten foot depth;
the levels above 10,000 mg/kg were also clustered around B-7 and B-14. Areas of hydrocarbon
levels between 1,000 and 10,000 mg/kg extend several hundred feet between B-7 and B-14.
Figure 4-4 shows the distribution of hydrocarbons in soil samples from the 10 to 15 foot depth.
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At this depth, there were no soil samples with concentrations greater than 10,000 mg/kg. The
region with hydrocarbon concentrations between 1,000 and 10,000 mg/kg extends from north
centrally located SCAPS Boring ALLA13-PB45 to Boring Bor-19, located in the south east part of
Site 13. The distribution of hydrocarbons in soil samples from the 15 to 20 foot depth is illustrated
on Figure 4-5. The only soil sample from this depth that had hydrocarbon concentrations greater
than 1,000 mg/kg was from Boring B14,

The distribution of lead identified in soil samples from the zero-to five-foot depth is illustrated on
Figure 4-6. Lead concentrations greater than 100 mg/kg were identified in Borings B-7 and B-8.
Lead concentrations were greatly reduced in the five-to ten-foot depth and lead was not identified at
concentrations greater than 100 mg/kg in any soil samples from depths greater that 10 feet.

In summary, TPHg, TPHd, oil and grease, VOCs, SVOCs, lead, and some pesticides have been
identified in soil samples from Site 13. The highest hydrocarbon concentrations identified were
120,000 mg/kg of oil and grease and 76,000 mg/kg of TPHd. Hydrocarbons were identified at the
greatest depth in soil samples from Boring ALA13-P13; this location was selected for
implementation of the SEE Pilot-Scale Treatability Study.

Soil from the vicinity of Boring B-7 exhibited low pH values and high lead concentrations. This
soil was removed during a removal action. Soil from the vicinity of Boring ALA13-PB41
exhibited a low pH and this soil remains in place.

4.2 GROUNDWATER QUALITY

In the 1989 Harding Lawson investigation, groundwater from Monitoring Well MW-1 (Boring
B-14) was analyzed for VOCs, TPHd, oil and grease, base/neutral/acid compounds (BNAs), and
dissolved metals. Benzene was identified at a concentration of 0.44 milligram per liter (mg/l) and
no other VOCs or BNAs were identified at a concentration greater than 0.005 mg/l. Lead was
identified at 0.05 mg/l; TPHg was identified at 11 mg/l; and oil and grease was identified at 60
mg/l.

During the 1991 and 1992 PRC investigations, groundwater samples taken from the borings
closest to Boring B-7 had pHs of 0.9, 2.8, 6.7, and 3.0. Lead was identified in the groundwater at
concentrations ranging from 0.0015 to 1.77 mg/l in water samples taken from these borings. The
lowest pH and the highest dissolved lead levels were found in groundwater from Boring B-IMF-09.
This soil boring was located approximately 8 feet north of Boring B-7.

The pH of groundwater samples from Monitoring Wells MWOR-1 through MWOR-3 (sampled in
1990) ranged from 6.8 to 7.8. Methylene chloride was identified in the groundwater samples from
MWOR-1 and MWOR-3 and DDT was identified in the groundwater sample from Monitoring Well
MWOR-1.

During the 1994 SCAPS investigation, water samples from Borings ALA13-PB40, ALA13-PB43,
and ALLA13-PB45 were analyzed for TPHd, TPHg, TPHjpS, TPHmo, pH, and metals. The TPH
levels were all less than 0.1 mg/l and the pH levels were all between 5.6 and 6. Lead levels were
equal or less than 0.001 mg/l.

During the 1994 site investigation, the groundwater from the GeoProbe investigations was
analyzed for VOCs, TPHd, and TPHg. These compounds were not identified in groundwater
samples from GeoProbe Well 13GB005. Water samples collected from Monitoring Wells

M13-06 and M13-07 as well as four of the previously installed Monitoring Wells (MW-1 and
MWOR-1 through MWOR-3) were analyzed for VOCs, SVOCs, TPHd, TPHg, metals, general
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chemicals, total organic carbon, and pesticides/PCBs. No VOCs, SVOCs, or pesticides were
identified in any of the groundwater samples from the area of interest. The highest TPHd
concentrations identified in any of the groundwater samples was 10 mg/l identified in the
groundwater sample from Monitoring Well MW-1. TPHd was identified at 1.75 mg/l and 2.0 mg/
in the groundwater samples from Monitoring Well M13-06 and M13-07 but was not identified in
groundwater samples from the other three wells. The groundwater sample from Monitoring Well
M13-07 (located adjacent to the area of interest) also contained detectable levels of VOCs and
phenols.

In summary, TPHg, TPHd, benzene, oil and grease, and lead have been identified in the
groundwater at Site 13, primarily in the vicinity of Monitoring Well MW-1. Methylene chloride
and DDT have also been identified in the groundwater. With the exception of groundwater
samples obtained from the vicinity of Boring B-7 where a soil removal action was conducted, the
pH of the groundwater at Site 13 generally varies from 5.6 to 7.8.

5. PROBABLE TRANSPORT PATHWAYS

Potential sources of soil and groundwater contamination at Site 13 include historical oil refinery
operations and waste disposal as well as the JP-5 release on the east side of Building 397. The site
is currently unpaved. Under existing conditions, exposure to contaminants present in the
subsurface soil would not be expected unless the ground were disturbed. Petroleum hydrocarbons
have been identified in the groundwater and compounds identified in the vadose zone soil could be
transported to the groundwater with infiltration of water from the ground surface.

Under reuse of this site, future site occupants could potentially be exposed to the contaminants
present through inhalation of compounds that could be volatilized to indoor or outdoor air. If soil
were disturbed, exposure to the contaminants could also occur through direct contact with or
ingestion of soil or groundwater. Ground disturbing activities could also produce particulates
containing chemicals; individuals could be exposed to these particulates through direct contact,
inhalation, and ingestion. Additional off-site exposures could occur if the particulates are
deposited at nearby sites.

SEE would be expected to remove the more volatile components of the oily material which would
eliminate exposure through inhalation of the volatile compounds. The components of the oily
materials left in place after the application of SEE would be expected to have lower toxicity than the
compounds that would be removed. This would reduce the risk associated with the remaining
exposure pathways. Application of SEE would also be expected to reduce the leachability of the
hydrocarbons remaining in place which would reduce the risk to groundwater.

6. 'TREATABILITY STUDY DATA NEEDS

Several types of information are needed to evaluate the effectiveness of SEE as a potential
remediation method for Site 13. The activities described in this Work Plan are intended to provide
the necessary information. The data needs for this project are listed below; Table 6-1 summarizes
each data need and the Work Plan activity that is intended to fill the data need. Data needs for the
implementation of SEE at Site 13 include:

« the suitability of Site 13 soils for propagation of a sufficient steam zone;
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 an assessment of the ability of SEE to upwardly mobilize free phase hydrocarbons to the
top of the water table.

« an assessment of the ability of SEE to remove hydrocarbons from the subsurface
through steam distillation; and

o an assessment of the leachability of the hydrocarbons remaining in place after the
application of steam.

7. CONCEPTUAL DESIGN OF PILOT-SCALE
TREATABILITY STUDY

The implementation of SEE at Site 13 includes the following activities:

* Warming of the treatment zone with steam to allow mobilization of free product oil to the
extraction interval of the wells where it will be pumped from the subsurface. During
this process, the saturated zone is dewatered and residual oil is exposed to the injected
steam which enhances volatilization and flow of the oil.

 Collection and recycling of recovered free phase hydrocarbons;
 Collection of condensate from extraction wells and from the ground surface;
« Collection of groundwater pumped from the injection/extraction wells;

e Treatment of the condensate and groundwater by carbon adsorption followed by
discharge to the sanitary sewer; and

 Treatment of vapor emissions from the treatment system by thermal oxidation.

Fifty-percent designs and design principles for the three-well treatability test are discussed in this
section. Detailed designs for this test will be prepared and included in bid documents distributed to
potential subcontractors. Tasks required to implement the three-well test are described in Section
9.1, and sampling and analyses that will be conducted for the laboratory treatability tests and the
three-well treatability test are described in Appendices E and F, respectively.

7.1 DESCRIPTION OF TREATABILITY SYSTEM

Implementation of the three-well treatability test at Site 13 will require the installation of a set of
three wells for steam injection and withdrawal of vapors and fluids (injection/extraction wells);
installation of the appropriate above-ground effluent treatment equipment; and installation of a
surface containment system to capture condensable vapors created during steam injection. Base
steam, compressed air, water, power, and wastewater disposal utilities are available adjacent to the
site. Present utility locations are shown on Figure 7-1.

The injection/extraction wells will be installed in the vicinity of Boring ALA13-P13 (Figure 2-3)
where hydrocarbons have been identified in the soil to a total depth of 17 feet. Planned well
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locations are shown on Figure 7-2. Final determination of the placement of the wells, and the
length and vertical placement of the screened intervals will be made after more detailed information
regarding the vertical distribution of the hydrocarbons in the soil is collected as described in
Section 1 of the Sampling and Analysis Plan for the Three-Well Treatability Test, Appendix F.
The information obtained will be used to adjust the locations and screened intervals for the
injection/extraction wells to better suit the implementation of the process. The final well locations
will be selected in areas within the planned treatment zone where the hydrocarbons are identified at
the greatest depths.

The application of SEE will include injection of steam to first mobilize the free product oil to the
top of the water table by injection of steam from below. As temperature readings indicate that the
lower zone is warmed sufficiently to volatilize hydrocarbons into the vadose zone, steam will also
be injected to the vadose zone to prevent condensation of vapors prior to extraction at the ground
surface or from extraction wells. During this operation, the treatment zone will be dewatered by
mechanical pumping and steam displacement; groundwater that is displaced by the steam will be
pumped from the injection/extraction wells. Once the subsurface reaches temperatures and
pressures sufficient to mobilize free product, more groundwater will be pumped from the
injection/extraction wells to create a groundwater gradient towards the injection/extraction wells to
enhance the recovery of separate phase hydrocarbons. Free phase hydrocarbons will be pumped
from the subsurface using injection/extraction wells that are not being used for injection of steam.

Once the free phase hydrocarbons mobilized by the application of steam have been removed, the
primary mechanism for hydrocarbon removal will be steam distillation. During this phase of the
test, the more volatile hydrocarbon fractions will be vaporized from the contaminated zone and
removed with vapors rising through the contaminated zone from the underlying steam. The vapors
will be withdrawn for treatment by applying a vacuum to the injection/extraction wells and the two
surface containment systems that are being tested as part of the three-well treatability test.
Contamination of the vadose zone during this phase of the test will be avoided by maintaining the
vadose zone at elevated temperatures to prevent the condensation of vapors. All liquids and vapors
produced during the three-well treatability test will be collected and treated using the effluent
treatment system described in Section 7.6.

The three-well treatability test will be installed and operated for 30 days to support the decision of
whether to proceed to the 15-well pilot-scale test and to generate data appropriate for sizing the
pilot-scale system final design if the decision is made to proceed. The initial three wells will be
located to become part of the pilot-scale pattern if initial results indicate SEE applicability to site
cleanup.

7.2 PROPAGATION OF STEAM ZONE

As steam is injected into the subsurface, the steam zone propagates outward and upward in a shape
determined by the permeability of the field. The minimum lateral radius of the zone is expected to
be equal to the depth of steam injection for uniform vertical and horizontal permeability. The lateral
radius would be greater if the horizontal permeability of the subsurface materials is significantly
more than the vertical permeability. Thus, the minimum radius of the steam zone is expected to be
30 feet; the actual radius of the steam zone may be greater if the horizontal permeability of the soil
is greater than the vertical permeability, which is typical of natural soil systems, or if the presence
of tarry materials reduces the upward steam relative permeability. During operation, steam is
injected to the region beneath the contaminated zone and is expected to rise upwards; this should
prevent downward migration of contaminants during steam injection.

Propagation of the steam zone at Site 13 was modeled using M2NOTS-TOUGH?2, a fully validated
multiphase multicomponent simulator for porous media flow developed at LBNL and UCB. This
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model provided temperature profiles as well as water and hydrocarbon saturation profiles for time
intervals of one day, five days, 10 days, 22 days, 34 days, and 50 days. The results of the model
are discussed in Appendix G. The model provided a preliminary evaluation of the propagation of
the steam zone and movement of oil expected during implementation of the three-well treatability
test. _

The model was run using a vertical to horizontal permeability ratio of 1:10 with a horizontal
permeability of 3 x 10° cm/sec. Given this assumption, steam injection into a single well is
predicted to warm the soil within a 10-foot radius of the injection well by day 10. By day 34, the
modeled temperatures within the treatment zone have stabilized. Figure 7-3 shows the temperature
profile for day 34. These rough predictions were made using a steam injection rate of 240 pounds
per hour into a single well.

7.3 AQUIFER DEWATERING

During the initial phases of the test to warm the treatment zone and mobilize free phase
hydrocarbons, steam will be used to heat the contaminated zone for up to 10 days. Aquifer
dewatering will be accomplished primarily by mechanical pumping from the injection/extraction
wells to maintain a hydraulic gradient towards the injection/extraction wells. Assuming the
hydraulic conductivities used for the modeling, a pumping rate of approximately 1 gallon per
minute will be required to lower the water table by 1 foot at each injection/extraction well location.
Depending if free phase hydrocarbons are mobilized, the water table may need to be lowered up to
10 feet. The pumping rates and water levels will be adjusted to maintain optimal recovery of the
free phase hydrocarbons. It is assumed that pumping rates up to 10 gallons per minute may be
required from each injection/extraction well. During this period, approximately one third to one
half of a pore volume, or 20,000 gallons of groundwater, would be displaced by the injection of
steam.

During the final phases of the test, when hydrocarbons are expected to be removed through steam
distillation, aquifer dewatering will be accomplished through displacement by steam. The volume
of water expected to be displaced is approximately equal to one pore volume within the treatment
zone, or 58,000 gallons. Groundwater from outside of the treatment zone will also be drawn in by
pumping from the injection/extraction wells.

Outside of the treatment zone, displaced groundwater may be pushed outward through
displacement by steam. This may carry some contaminants outward. However, the extraction
rates will be set to be greater than the steam injection rates (as water) and the rate of water
displacement by steam zone growth; through use of these controls, outward movement is not
expected to be significant. Regardless, groundwater monitoring described in Section 7.4 will be
conducted to monitor the potential outward mobilization of contaminants from the treatment zone.

During these final stages of the test, it is essential that the contaminated zone is completely
dewatered. Modeling described in Section 7.2 predicts that, with the exception of a small zone
immediately around the injection well, the entire water-bearing zone within the treatment area will
be dewatered by day 34 using steam.

The rate of water extraction from the pilot demonstration cannot be predicted without knowledge of
the site permeability. However, at Lemoore, SEE was implemented for 90 days at an average
water pumping rate of 13 gal/min. Using this pumping rate, approximately 500,000 gallons of
water would be removed from Site 13 during the three-well treatability test which will be operated
for approximately 30 days. Conservatively assuming the thickness of the aquifer and porosity to
be at least 10 feet and 0.3 respectively, groundwater contamination 400 yards away would move
less than nine feet toward the pilot demonstration.
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7.4 STEAM INJECTION/EXTRACTION AND MONITORING
SYSTEM

During the three-well treatability test, stcam will be injected to the subsurface through
injection/extraction wells. The design of the wells will allow simultaneous injection of steam and
withdrawal of groundwater and free hydrocarbons from the same well. During operation of the
test, the propagation of the steam zone will be measured by monitoring the temperature and
resistivity of the subsurface materials as described below.

The injection/extraction wells for the three-well treatability test will be installed in the approximate
locations shown on Figure 7-2; specific locations will be selected after cone penetrometer testing
with laser induced fluorescence is completed as described in the Sampling Analysis Plan for the
Three-Well Treatability Test, Appendix F of this Work Plan, to identify the area within the planned
treatment area with the deepest and greatest hydrocarbon concentrations. The wells will be placed
in this area in an equilateral triangle, spaced 35 feet apart to enhance the ability of SEE to remove
free phase hydrocarbons.

Recent applications of SEE in similar situations showed the need for flexibility in the control of
liquid pumping operations and steam injection locations which could not be achieved using
separate injection and extraction wells. Thus, three single injection/extraction wells will be
installed for the three-well treatability test to provide better flexibility in controlling liquid pumping
and steam injection. The single well design to be tested at NAS Alameda is a significant
improvement in these regards. Details of the well design are shown on Figure 7-4. The design
includes two screened intervals; the uppermost interval will be screened in both the vadose zone
and the water table with the bottom of the screened interval at a depth approximately equal to the
bottom of the zone of contamination. The deeper screened interval will consist of a five-foot-long
screen located beneath the contaminated zone. Both intervals may be used for steam injection and
vacuum extraction. Liquids, including the free hydrocarbon phase, will be pumped from the upper
screened interval using a pneumatic pump (Figure 7-4). Compressed air will be used to operate the
pump. For greater precision in subsurface transport definition, the design will also allow for the
insertion of a logging tool used to evaluate vertical gas flow rates, gas concentrations, and
temperatures.

The two screened intervals will be separated by a five-foot-long blank section of casing. Two steel
plates will be installed at the bottom of the blank interval to allow injection into each screened
interval separately and minimize the transfer of heat between the two screened intervals. The
annular space opposite of the blank casing will be sealed with bentonite to prevent steam injected
into the deeper screened interval from preferentially migrating upwards through the annular space.

Fluids will be pumped from the injection/extraction wells using a pneumatic “ejector” pump, such
as one manufactured by Franklin Research Company. The pump is diagrammed on Figure 7-5.
Liquid fills the pump by gravity feed and is expelled through a check valve with compressed air.
Once the liquid has been expelled, the compressed air is vented and the liquid again fills the lower
tank module, allowing another pumping cycle to begin.

Sixteen temperature observation wells will also be installed in the locations shown on Figure 7-2.
As shown on the figure, one temperature observation well will be installed within the annular space
of each injection/extraction well. The remaining wells are located such that six are located
equidistant around each injection/extraction well.

The design of the temperature observation wells is shown on Figure 7-6. The temperature
observation wells installed within the annular space of the injection/extraction wells will be placed
within the annular space as the injection/extraction well is constructed. At the remaining locations,
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the wells will be installed using percussion insertion for reduction in cost, greater temperature
sensitivity, and elimination of soil cuttings disposal. Subsurface temperatures are monitored by the
placement of subsurface thermocouples. To allow for the possibility of continuous temperature
logging, the fixed thermocouples will be attached to the outside of a bottom-sealed, 2-inch-
diameter, 25-foot-long, schedule 40 carbon steel pipe, inserted into a boring and grouted in place.
The thermocouples will be sealed in stainless steel sheaths, attached to 24 gauge, Teflon-coated
wire, extending to above ground. The coded wires will extend 5 feet beyond ground level, be
finished with compatible plugs for quick attachment to a thermocouple output display unit, and
housed in a weather-proof enclosure.

Large increases in soil temperature caused by the injection of steam create substantial changes in
soil resistivity. Electrical resistance tomography (ERT) will be used to map the subsurface
progress of steam injection as a function of space and time. ERT measurements will be made
using a combination of surface and downhole measurements to map the steam propagation. Seven
electrode wells will be installed, each containing one strand with five regularly spaced electrodes.
Between each pair of electrode wells, ten surface electrodes will be installed for a total of 60
surface electrodes. The planned electrode well locations are shown on Figure 7-2. A schematic of
the electrode well design is given on Figure 7-7. Resistivity measurements will be made before,
during, and after steam injection, and will be processed to generate two-dimensional vertically
oriented resistivity tomographs.

Groundwater monitoring wells will also be installed outside of the treatment zone and monitored to
detect outward migration of dissolved contaminants from the treatment zone. Planned locations for
the groundwater monitoring wells are shown on Figure 7-2. The wells will be installed to monitor
dissolved constituents as well as the presence of free phase hydrocarbons. The planned well
design is shown on Figure 7-8.

One groundwater monitoring well will be located 15 feet radially outward from each
injection/extraction well. Monitoring of groundwater levels, air pressures, groundwater quality,
and free phase hydrocarbon thickness in these wells will allow monitoring of the outward
migration of groundwater and contaminants from the treatment zone. A fourth groundwater
monitoring well will be Jocated 35 feet radially outward from the injection/extraction well located in
the southwest portion of the treatment area; this is in the approximate downgradient direction from
the planned treatment area. This groundwater monitoring well is located at the outside of the
expected steam zone and should provide an evaluation of movement of groundwater and
contaminants at the outer limits that would be affected by the injection of steam.

7.5 SURFACE CONTAINMENT SYSTEMS

Two surface containment designs (Figure 7-9) will also be installed and tested during the pilot-
scale treatability study. The selection of the better of the two surface covering designs will be
determined based on cost and performance during the three-well treatability test. The installation
price of both systems will be comparable. The operation of the active system will be more
expensive because it will require cooling from the sprinkler system and handling of the runoff.
This higher operational cost may be offset by superior performance and greater control in the
ability to recover vapors without clogging of the treatment equipment. The superior covering will
be the design delivering acceptable performance for the lowest total cost.

The actively cooled and passive surface containment systems will each be 35 feet by 70 feet in
dimension. They will be placed side by side and together they will cover the entire steam zone
estimated by during operation of the three-well treatability test; the size and extent of the steam zone
will be routinely monitored to keep the steam zone within the containment system. Its shape and
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size can be controlled through control of steam injection rates and intervals along with vapor and
groundwater pumping rates.

The design of the act